The Effect of a Single Dose of Ultraviolet Radiation on Epidermal Melanocytes*  by Pathak, M A et al.
Published reports regarding the increased
melanin pigmentation following ultraviolet
(DV) radiation suggest that an increase in
tyrosinase activity and a numerical increase
of functioning melanocytes are responsible for
enhanced pigment production, Becker (1);
Becker, Fitzpatrick and Montgomery (2);
Bischitz and Snell (4); Bloch (5); Fitzpatrick,
Becker, Lerner and Montgomery (6); Peck
(11); Quevedo and Grahn (13); Quevedo and
Smith (14); Quevedo, Szabó, Virks and Sinesi
(15); Snell (16).
Theoretically, however, there are several
possibilities for such an increase in melanogene-
sis. These can be grouped as follows:
1. An increase in the number of melanocytes,
as a result of either: (a) proliferation of
melanocytes as induced by DV radiation; or (b)
activation of "dormant" dopa-negative melano-
cytes after radiation.
2. An increase in the number of melanin
granules without an increase in the number of
melanocytes. This may be caused by: (a) an
increase in the rate of synthesis of premelano-
somes and melanosomes; or (b) an increased
demand on the transfer of melanin granules by
changes in the Malpighian cell population.
These changes may indicate an increase in the
rate of division of Malpighian cells, or an in-
crease in the rate of their exfoliation or both.
3. Increased tyrosinase activity, which may
represent either: (a) activation of tyrosinase
caused by the direct effect of radiation (e.g.,
effect on SR groups or increased dopa forma-
tion, or effect on Cut, the prosthetic group of
the enzyme) ; or (b) new synthesis of the
tyrosinase molecules.
Intensity of skin color and melanocyte
density are not correlated necessarily, as
quantitative histologic data on melanocyte
density (Billingham and Medawar (3); Bis-
chitz and Snell (4); Mitchell (9); Pinkus,
Staricco, Kropp and Fan (12); Szabó (18))
have shown that racial color difference are not
caused by differences in melanocyte density.
These investigators have shown that black
guinea pigs do not possess more epidermal
melanocytes than red animals, or that a Cau-
casian has as many melanocytes as a Hindu,
a Negro or an Australian aboriginal (Table I).
We decided, therefore, to undertake a quanti-
tative histologic and biochemical study of the
pigment response to DV radiation of guinea
pigs and man. We exposed our experimental
subjects to a single dose of radiation and
carried out a quantitative histologic study of
the melanocyte population of the epidermis;
we estimated the tyrosinase activity in some
instances. Electron microscopic examination of
the changes in melanocytes will be published
elsewhere.
MATEaIALS AND METHODS
Quantitative histologic data. Skin of one human
subject who was able to tan readily (G.S.) was
irradiated on the flexor surface of the forearm.
From a high intensity, 1600 watt, xenon light
source monochromator designed and fabricated in
our laboratory, 300 m/L wavelength radiation was
delivered in several sites within the same region
to an S mm diameter skin area. A dose of 2 MED.
(minimal erythema dose) equal to 35.6 )< 100
ergs/0.5 cm2 was delivered to each site within 6
seconds. Likewise, 4 brown guinea pigs were irradi-
ated uniformly on one ear; the other ear served
as a control. Four "albino" guinea pigs were also
treated the same way. Thiersch grafts were re-
moved at various intervals, as indicated in Tables
II and III. The grafts were fixed either immedi-
ately for histologic studies or split in 2N NaBr
solution (Staricco and Pinkus (17)) and treated
with 1:1000 dopa solution (Szabó (18)). The
number of dopa-positive melanocytcs was esti-
mated per mm2 of skin surface (Tables II and III).
Histochemical demonstration of tyrosinase. The
original method of Fitzpatrick, Becker, Lerner and
Montgomery (6) was modified. L tyrosine was
used as a substrate in a concentration of 2.76 X
10 M (i.e., 500 mg/L). The concentration of the
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TABLE I
Racial variation in melanocyte distribution
Species Area Color or Ethnic Origin
Aver. No. mm2
S E. Mean Ref erence
Guinea pig
Man
Ear
Ear
Aerola
Aerola
Back
Back
Lip
Lip
Thigh
Thigh
Thigh
Trunk
Trunk
Black
Red
Black
Red
Caucasian
Negro
Caucasian
Hindu
Caucasian
Negro
Australian aborigine
Caucasian
Australian aborigine
920 144
966 101
832 35
641 50
930 140
940 60
1980 200
1820 50
1000 70
997
742
890 70
816
(3)
(3)
(4)
(4)
(18)
(18)
(18)
(18)
(18)
(12)
(9)
(18)
(9)
TABLE II phosphate buffer was 1 X 10 M, p11 6.8. The rest
Change in the melanocyte population of human skin of the procedure was unchanged.
from the flexor surface of the forearm after a The tyrosinase activity was determined on 2fair-skinned human volunteers and on 4 brown
single exposure to wavelength 300 m/2 guinea pigs. Thiersch grafts were obtained at
various time intervals from 24 hours to 9 days
Time Average Number of Melanocytespermm2±S.E.Mean (human), or 10 days (guinea pigs).
The assay of tyrosinase by quantitative deter-
Control mination of dopa. Four adult, brown guinea pigs(800—1000 gm) were depilated with melted wax
right side 1510 60 mixture, (one part beeswax and four parts of rosin
left side 1365 45 at 40—45° C). Prior to the application of the
90 minutes 1435 70 depilatory, the hair was removed with the aid
48 hours 1665 175 of an electric clipper. The depilatory was applied
48 hours 1225 145 uniformly on the back of the ether-anesthetized
96 hours 885 100 guinea pigs. After depilation, the animals rested in
120 hours 1560 80 their individual cages for 3 days. One half of the
9 days 1380 85 back of each test animal in the supine position was
covered with a black paper taped firmly on the
TABLE III
Changes in the melanocyte population of skin from brown guinea pig's ear after a single
exposure to wavelength 300 mj.z
Time
Average Number of Melanocytes per mm2 S.E. Mean
Guinea Pig 51 Guinea Pig 52 Guinea Pig S3 Guinea Pig 54
Control 835 35 810 45 1120 30 920 100
24 hours 1105 120
48 hours 710 135
72 hours 1010 55
96 hours 345 55 1490 70
120 hours 520 145
144 hours 740 65
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spinal column. The other half of the hack region
was irradiated under a General Electric, 275 watt,
ES sunlamp at a distance of 20 cm for a period
of 20 minutes (the ultraviolet irradiation was
equivalent to 3 minimal erythema doses). Thermal
effects during irradiation were minimized by the
circulation of cool air from an electric fan. Equal
size skin specimens from the TJV-exposed and
the unexposed regions of the back were removed
between 72 to 96 hours after irradiation. The skin
was stretched on a specially designed apparatus
(Freedberg and Baden (7)) and the epidermis was
separated mechanically. Approximately 1 gm of
epidermis was obtained from the unexposed and
the tV-exposed regions, and homogenized for 2
minutes in 20 ml of 0.05 M phosphate buffer at
pH 6.8 in a conical glass homogenizer at 0—4°C.
After homogenization, pH was readjusted to 6.8
and the optical density of each extract at 280 mjz
was matched carefully. Incubation of the epidermal
extract was carried out in duplicate runs in the
following medium: 1.8 mg L tyrosine, 4.5 mg of
DL-3-hydroxykynurenine, 20 mg of ascorbic acid,
5 mg isoniazide, 4 ml of epidermal extract con-
taining approximately 230—250 mg wet epidermis
in phosphate buffer. Total volume was adjusted
to 20 ml with 0.05 M phosphate buffer of pH 6.8.
The incubation was carried out for 6 hours at 37°
C under aerobic conditions. Ascorbic acid and 3-
hydroxykynurenine were added to the incuba-
tion mixture to augment the accumulation of dopa
and to inhibit its polymerization to melanin.
Appropriate controls for determining dopa in
the unincubatcd epidcrmal extracts were always
carried out, and these values were subtracted in
the final estimation of dopa formed after incuba-
tion. Quantitative determination of dopa was
carried out by the reliable and sensitive method
described by Takahashi and Fitzpatrick (19).
nE SULTS
Quantitative Histologic Data on the
Melanocyte Population
The response of human skin—The changes in
the mclanocyte population after UV radiation
in the human forearm are shown in Table II
and Figures 1—4. The changes in the melano-
cyte density were observed for the period of 9
days, at which time the visual pigmentation was
augmented distinctly. The numerical changes
are not significant and are within the range
of the same individual for the forearm.
The cytologic changes, however, were evi-
dent. The melanocytes enlarged and the
dendrites were full of melanin granules after
irradiation. The whole epidermis became pig-
mented at the end of the observation. The dopa
reaction was stronger towards the end of the
series.
The response of brown guinea pigs.—The
numerical data concerning the melanocyte
population of brown guinea pigs are presented
in Table III and Figures 5—8. The data for
the normal controls are in close agreement with
the figures reported originally by Billingham
and Medawar (3). There is no clear-cut evi-
dence for an increase in the density of melano-
cytes, in all cases. The data indicate that there
is a drop in melanocyte density in 3 guinea
pigs after an initial increase in 2. The increase
in these 2 was not significant.
The histologic changes following radiation,
however, are more revealing than the numerical
changes. In the period between 24 to 96 hours
after irradiation the whole basal layer of the
epidermis is "mobilized". The normal, orderly
arrangement of the Malpighian cells and
melanocytes is altered. Nests of highly active
melanocytes appear which are strongly dopa-
positive and their dendrites are not slender
and long, as in the control, but chubby and
short. The melanocytes in the outer root
sheath of hair follicles become positive and
there are positive melanocytes surrounding the
sebaceous glands. The Malpighian cells and the
cells of the spinous layer become pigmented
progressively as time passes. After 96 hours
(up to 144 hours) the orderly structure of the
basal layer is restored, the melanoeytes assum-
ing their normal appearance, with long and
thin dendrites. They are again spaced out in
the same fashion as in the control. The amount
of pigment, however, is much higher in the
superficial strata of the epidermis than in the
basal layer, which is practically unpigmented.
The melanoeytes are still more dopa-positive
than in the control. Pigment granules arrive
at the keratin layer within 48 hours after
irradiation.
The response of "albino" guinea pigs—There
are two distinct varieties of dopa-positive
cells in the epidermis of the so-called "albino"
guinea pigs (Figs. 9 and 10). One is similar to
the normal melanocyte common in the colored
guinea pig. It is, however, very sporadic in
frequency. It may be surrounded by a pig-
mented area of the epidermis indicating pig-
ment donation by this large melanocyte. The
other dopa-positive cell is small, about 10 mt in
diameter. it is a round cell with very short
processes or with no dendrites at all. It is very
slightly dopa-positive in normal sodium bro-
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FIG. 1—4. Human skin epidermal melanocyte population before and after a single
exposure to monochromatic wavelength of 300 m. Figure 1 is control Thiersch graft from
unirradiated area, Figures —4 are Thiersch grafts at 96 hours, 120 hours and 9 days
respectively, after DV irradiation. Magnification: X 420.
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Fie. 5—8. Brown guinea pig epidermal melanocyte population before and after a single
exposure to monochromatic wavelength of 300 m. Figure 5 is control Thiersch graft from
umrrachated area of ear, Figures 6—8 are Thiersch grafts at 48 hours, 96 hours and 9 days
respectively, after TJV irradiation. Magnification X 166.
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Fie. 9—10. "Albino" guinea pig epidermal melanocyte population before and after a
single exposure to monochromatic wavelength of 300 mc. Figure 9 is control Thiersch graftfrom unirradiated area of ear, Figure 10 is Thiersch graft at 10 days after UV irradiation.
Magnification: >< 420.
mide split epidermis, and it is not surrounded
by pigmented epidermis.
After the treatment with LIV, the dopa reac-
tion increased in both types of cells. The
amount of pigment also increased around the
large normal melanoeytes. There was no pig-
ment deposited around the small melanocytes.
The histologic response to radiation was
similar to that occurring in brown guinea pigs.
Comparing the response of the human skin
with that of the guinea pig, the most im-
portant difference is the more violent reaction
in the guinea pig. Human skin does not lose its
normal structure in the same manner as the
guinea pig. In the human skin parakeratosis
develops; no such phenomenon was observed
in the guinea pig. Melanin appears about the
same time in the superficial keratin layer in
both species within 48 hours.
Tyrosinase Activity
Histochemical observations.—Thierseh grafts
from UV-radiated areas incubated in tyrosine-
phosphate buffer showed a positive reaction at
TABLE IV
Tyrosinose activity in biopsy specimens after
incubation in tyrosine-phosphate buffer
Brown
guinea pig
Tyrosinase Reaction before and after tJV
Irradiation
72 hours and, thereafter, for a period of 9 days
when our experiments terminated (Table IV).
Brown, or dark brown pigment was deposited
in vitro in the cytoplasm and in the dendrites of
melanocytes in these specimens. No such deposi-
tion was observed in control specimens and,
similarly, the tyrosinase reaction was also
negative in specimens obtained at the end of
24 and 48 hours after [V radiation.
Biochemical observations. The increased
tyrosinase activity in melanoeytes after ir-
5peries
Man
con-
trol
24
hrs.
48
hrs.
120
brs.
+
72
brs.
+
+
96
brs.
+
144
bra.
+
+
240
bra.
+
+
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TABLE V
Dopa formation in the epidermal extract of
ultraviolet irradiated and nonirradiated
pigmented guinea pig skin
Experiment 5 Hours afterTV Exposure
Epidermal Extract* (g of
dopa formed per hoar)
Unirra- UV
diated Irradiated
1 72 hours 1.19 2.54
2 72 hours 1.10 2.0
3 96 hours 1.82 3.84
4 96 hours 1.20 2.80
* Equivalent to 230—250 mg of wet epidermis.
radiation is evidenced further by a twofold rise
in the amount of dopa formed in the epidermal
extracts of irradiated guinea pig skin (Table
V). This enhanced dopa formation can only
result when the tyroinase activity of the
melanocytes is increased.
DISCUSsION
Following single exposure to ultraviolet light
both man and guinea pig showed increased pig-
mentation in the skin. The number of dopa-
positive melanocytes, however, did not increase
significantly.
This observation contradicts seemingly the
accepted idea that there must be an increase
in the number of melanocytes after exposure
to nonionizing radiation, if this is followed by
an increase in visible pigmentation. On the
other hand, Miller-Milinska and Starieco (8)
observed a decrease in melanoeyte number
after radiation.
To explain these contradictory results, one
should consider the cytologic and biochemical
events leading to melanin formation in the
light of our own results. To understand mela-
nin pigmentation caused by solar radiation,
one should distinguish clearly between the
various phases of visible darkening in the epi-
dermis. There are two distinct processes that
take place during this increase of macro-
seopieally visible pigmentation:
1. The immediate pigment-darkening reac-
tion.
2. The production of new pigment.
The immediate pigment darkening is an
instantaneous process which reflects the darken-
ing of already existing melanin granules. It is
an oxidation reaction brought about by the
absorption of photons (320—700 mis) by the
monomer units of melanin (Pathak, Riley and
Fitzpatrick (10)). This effect of radiation is
not permanent, as the intensity of this visible
darkening of the skin decreases between 3 to 24
hours after radiation.
After about 48 hours, one begins to observe
increased pigment production at the site of
radiation. This is caused by the formation of
new melanin granules. Our investigation is con-
cerned mainly with this second phase of pig-
mentation.
At this stage, we do not find any increase in
the number of dopa-positive melanoeytes, both
in man and guinea pigs. Obviously the ob-
served pigment increase could be explained
either by an increase in tyrosinase activity
and/or by an increase in the turnover rate of
melanosomes. Indeed, in our experiments we
found that the tyrosinase activity increased
only after 48 hours, as observed in the histo-
chemical data of Pathak, Riley and Fitz-
patrick (10) and in our present experiments(Table IV). Shortly after this increase in
tyrosinase activity, the whole epidermis became
pigmented confluently by an increase in the
number of melanin granules, as observed in
the light microscopic and electron microscopic
preparations. Together with this increase in
the dopa reaction, the melanoeytes became
larger and the dendrites were more visible,
and the processes became longer and laden with
pigment granules. This again reflects an in-
creased rate in the production of melanin in the
melanoeytes, and an increase rate in pigment
donation to the Malpigbian cells.
Our results, thus, are in apparent contra-
diction with the data of previous investi-
gators (see above). In trying to explain this
discrepancy we shall consider the following
factors which distinguish our experiments
from those of other investigators.
1. Light source used.
2. Frequency and duration of exposure.
3. Region of the integument irradiated.
Earlier investigators used polychromatie
light; we employed a monochromatic radia-
tion of 300 wave length. The reason for
using monochromatic light was to delineate the
action spectrum of melanogenesis. We have
found already (Pathak, Riley and Fitzpatrick
(10)) that new melanin formation can be
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initiated by long-wave ultraviolet and visible
radiation (320—500 mg). We plan to investigate
the effect of other monochromatic wave lengths
on the melanocyte system just as we have done
in our present experiment. This will decide
whether the light source can modify the histo-
logic response. The effect of various mono-
chromatic wave lengths on the melanocyte
system is unknown. Until such data arc ob-
tained, we cannot speculate about the im-
portance of the light source in the cytologic
changes evoked by radiation.
The most distinguishing feature of our ex-
periment was the fact that we employed single
exposure just long enough to initiate melano-
genesis. Most of the previous studies used multi-
ple exposure of much longer duration. Multiple
exposures repeat the injury caused by radiation
and are likely to introduce secondary phenom-
ena such as those occurring in cell and tissue
damage.
It is known that the density of epidcrmal
melanocytes varies from one area of the body
to another (Staricco and Pinkis (17); Szabó
(18)). Any supposed mitogenic effect of radia-
tion would manifest itself differently in an area
where the original population of dopa-positive
mclanocytes is higher than in other regions
where there are only a few positive melano-
cytes (e.g., cheek and forearm versus thigh or
buttock). In our study in the human as well as
the guinea pig, we used the forearm or ear
which is exposed already to the sun, and is
among the regions most densely populated by
dopa-positive melanocytes. One should not,
therefore, draw a general conclusion valid for
the entire epidermal melanocyte system as to
the "mitogenic" effect of radiation. Our prelimi-
nary observations support this idea (unpub-
lished observations). If the same human
subject is irradiated repeatedly by a poly-
chromatic light on two different parts of his
body (forearm and abdomen), the reaction is
not uniform. On the forearm there is no sig-
nificant increase of dopa-positive melanocytes,
whereas on the abdomen the density of these
cells does increase.
The most interesting finding in our investiga-
tion is that there is no need for an increase in
the number of dopa-positive melanocytes in
order to increase the degree of pigmentation in
the skin. This is not unexpected as it has been
established already by quantitative data of
melanocyte populations that racial variations
in skin color are not caused by differences in
melanocyte number but by other qualitative
factors (Mitchell (9); Staricco and Pinkus
(17); Szabó, (18)). The melanocytes are larger
in pigmented races than in non-pigmented ones;
their dendrites are longer and loaded with pig-
ment granules. In this respect they resemble the
melanocytes in our experiments after irradia-
tion. This indicates that in both instances the
melanocytes have a higher functional activity.
In summary, it would appear that the rate of
melanogeneais is dependent more on the func-
tional activity of melanocytes than on a numer-
ical increase of these cells. There are enough
epidermal melanocytes in man and guinea pig
to meet any increased demand for melanin
formation.
sUMMARY
Skin of man and guinea pigs was exposed to
a single dose of 300 monochromatic radia-
tion. Quantitative histologic data on melano-
cyte populations together with histochemical
and biochemical observations on hanges in
tyrosinase activity were collected at various
time intervals.
No significant increase in the density of
mclanocyte population was observed; how-
ever, there were morphologic changes indicat-
ing increased functional activity.
Tyrosinase activity was found to be en-
hanced after 72 hours.
The rate of melanogenesis is more de-
pendent on the functional activity of melano-
cytes (turnover rate of tyrosinase, formation,
melanization and donation of melanosomes)
than on a numerical increase of these cells.
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